Introduction
During the last decades, the use of ionic liquids (ILs) has become one of the most useful techniques for the development of green chemistry tools. 1 The potential use of liquid salts based on delocalized organic cations (ammonium or phosphonium) as designer green solvents represents one of the most significant contributions to modern chemistry. Thus, the high modularity of the structures of the ILs based on the proper selection of the cation and anion moieties has allowed the development of an almost infinite number of compounds well suited for each specific application. Nevertheless, in recent years, the application of ILs also needs to confront some important challenges in order to be able to develop the expected practical applications. 2 Thus, some important drawbacks are limiting the general application of ILs in scientific and technological applications. First of all, the cost of ILs is clearly much higher than that for traditional solvents. Additionally, the benefits of the use of ILs as media for different chemical reactions and other applications is counterbalanced by the need of using traditional "non-green" solvents for the extraction of the desired products from the IL phase. Finally, recent studies have shown that, although ILs have been considered traditionally as environmentally friendly solvents because of the lack of any appreciable vapor pressure, some of the most usual ILs present some environmental concerns in particular in terms of their contact with aqueous media. 3 Many of those drawbacks can be drastically reduced by the use of supported ILs. The immobilization of ILs onto a solid support provides a simple way for reducing t h e a m o u n t o f I L r e q u i r e d f o r a g i v e n application, reducing accordingly the associated cost; facilitates their handling and manipulation decreasing the need of using traditional solvents in the corresponding process, and finally, greatly reduces the potential leaching to the environment of the ILs. 4 In order to accomplish this target two main approaches have been studied: 1. Non-covalent support of IL phases on the surface of inorganic or organic supports (SILPs). 2. Covalent attachment of IL-like phases on the surface of inorganic or organic supports (SILLPs).
It seems clear to understand that the development of SILLPs presents some methodological advantages. In particular, it should be expected that the use of IL phases physically entrapped onto the surface of a given support would maintain the essential properties of the corresponding bulk IL, as no change in the structure is carried out through this process. On the contrary, the potential leaching of the supported IL phases in the presence of a solvent being able to partially solvate the IL structure represents the main limitation of this approach. The almost opposite reasoning is valid for the second approach. In this case, when the IL-like fragment is covalently attached to the support, the problem of leaching is totally eliminated. On the contrary, the transfer of the proper essential properties of the ILs to the solid phase needs to be guaranteed, and this is not a simple matter. However, it is reasonable to assume that if this goal of transferring IL properties to the surface of the solid is achieved, the resulting materials would present the advantages associated to ILs but would overcome the abovementioned drawbacks currently limiting many technological applications of bulk Ionic Liquids. In recent years, most emphasis has been given to the application of ILs as selective and very specialized media for carrying out chemical transformations, including catalytic 5 and biocatalytic 6 applications or the extraction, 7 manipulation and transformation of natural products and biopolymers. 8 Nevertheless, it is important to bear in mind that the first applications of ILs were described in the field of the development of new electrolytes for advanced applications such as those involving new sensors, fuel cells, conducting materials or other applications in the general area of renewable energy sources. 9 In this regard, it is not surprising that the development of solid electrolytes based on the structures of ILs has received a great deal of attention, taking into account some of the advantages considered for SILPs and SILLPs. 10 Thus, polymeric ILs represents an important field in the area of new advanced materials for energy applications. 11 Nevertheless, most applications in this field have been associated to the development of soluble polymers containing structural moieties related to ILs: imidazolium, phosphonium or ammonium groups. 12 The use of those polymers as conducting material can be easily rationalized in terms of the mobility of the polymeric chains carrying out the ionic species and giving place to the conduction phenomena. 13 Much less attention has been paid, however, to the study of insoluble polymers containing such structures. This is an interesting field because those materials can provide in full the advantages we have considered for supported ILs and because their study as conducting materials can provide some important insights on the conduction mechanisms in ILs. Here we will examine and discuss some essential properties of polymer-supported Ionic Liquidlike Phases (SILLPs), using crosslinked insoluble matrices as supports, and their behavior as conducting polymers. The importance of those materials has been highlighted by their application as "solid solvents" for the immobilization of different catalytic species that reveal that the corresponding polymers can advantageously substitute for the related bulk ILs for this purpose. 14 
Approaches for the preparation of polymeric-ILs
In general the preparation of SILPs in which the IL fragment is non-covalently attached onto the surface of a solid support, usually an inorganic support such as SiO 2 , is carried out by the adsorption of a thin layer of a bulk IL onto the surface of the corresponding support (see Figure 1a) . In some cases, however, it has been demonstrated that the previous modification www.intechopen.com
Polymers with Ionic Liquid Fragments as Potential Conducting Materials for Advanced Applications 85 of the structure of the support, in particular through the introduction of IL-like fragments provides an efficient way to improve the immobilization process and reduces the risk of leaching (see Figure 1b) . In the case of the preparation of SILLPs, it is considered that the modification of the structure of a support with the introduction of IL-like fragments such as imidazolium, phosphonium, ammonium or others will be able to transfer to this surface the properties of the related bulk IL. Two main approaches can be considered for this purpose in the case of organic polymers. The first one is the polymerization of the corresponding monomers containing IL fragments. This is exemplified in Figure 2 for the case of polystyrenedivinylbenzene backbones with imidazolium subunits. In the case of the use of monomeric mixtures just containing styrene (1) and functionalized styrene monomers (3) the resulting materials will be linear soluble polymers. When variable amounts of a crosslinking agent are added (i. e. divinylbenzene, DVB 2) the corresponding insoluble polymers can be obtained. When those polymers are prepared in the form of monoliths through a bulk polymerization process, the resulting materials can be easily obtained with different morphologies and shapes, according to the desired application. A more simple and versatile approach, however, for the preparation of those materials is the use of common polymeric precursors having the appropriate morphological and chemical properties. This is exemplified in Figure  3 , in which chloromethylstyrene is used for the introduction of the precursor functionalities in the crosslinked polymeric backbone. The transformation of chloromethyl groups into the corresponding IL-like fragments (i.e. imidazolium groups) is very simple and can be carried out very efficiently. A quantitative transformation of the functional groups can be obtained after a few hours of heating of the corresponding polymer with the desired imidazole used as the reagent and the solvent. The progress of the process can be easily monitored through different methods that have been developed for analysing the transformation of chloromethyl groups. The advantage of this approach is that the polymerization of mixtures of styrene, divinylbenzene and chloromethylstryrene, in the presence of porogenic agents, is a well-known process and accordingly can be controlled, in terms of yields, conversions, morphology and so on, using standarised parameters. On the contrary, the introduction in the polymerization mixture of monomers such as 3 with very different structural and electronic properties can provide very different outcomes, according to the different polymerization rates and to the different monomers/oligomers/porogens solubility equilibria occurring in the global process. Finally, it must be noted that a simple metathesis procedure, as reported for bulk ILs, allows for the exchange of the initial chloride counteranion for any other anion of interest in the area of ILs. All those transformations can be easily monitored through the use of FT-IR spectroscopy and, very particularly in the case of the modification of the anions, with the use of FT-Raman spectroscopy. 14 
Properties of polymeric ionic liquids (SILLPs)
The potential application of the polymeric SILLPs prepared by any of the methodologies considered above is associated to the presence of some important properties according to the desired application. Some of them are associated to the morphology and the chemical properties of the polymeric backbone (thermal stability, porosity, surface…). In our case, however, the priority is to understand if the presence of the ionic liquid-like fragments on the surface of the polymer is able to transfer to this material the essential properties associated with the bulk ILs. In this regard, we have approached this subject through the analysis of a variety of properties characteristic of ILs on the corresponding polymeric SILLPs (4). As we will see below, we have been able to demonstrate that many of those properties are efficiently transferred to the polymer. 15 Moreover, we have checked that modifications on the structural parameters of the IL-like fragments provide a method to modulate the properties of the resulting material. This is an essential factor as much as some of the most important applications of ILs rely on their potential as "designer solvents" being able to provide the desired properties, almost in an unlimited way, through the proper modular modification of their structural parameters.
calorimetry (DSC) studies for the different SILLPs synthesised. Very interestingly, TGA data clearly show that the presence of imidazolium subunits provide an additional stabilisation of the SILLP when compared with the starting chloromethylated resin, which is rather surprising taking into account the presence of benzyl imidazolium subunits. This is, however, in good agreement with the studies on bulk ILs revealing the high thermal stability of those species. Some results from TGA analyses of SILLPs 4 are gathered on Figure 4 and demonstrate that those polymers follow the same trends observed for bulk ILs. Thus, the nature of the anion is the main parameter determining the thermal stability. This is higher for the less nucleophilic anions and lower for the most nucleophilic ones. The observed effects slightly increase with the loading of functional groups in the polymer. Thus the two extreme cases, in terms of the anion used, correspond, as we will see in all cases, to the chloride and the NTf 2 -anion. Although it is not represented in Figure 4 , it is interesting to note that changes in the aliphatic chain of the imidazolium ring (i.e. changing from R 2 = CH 3 to R 2 = C 4 H 9 ) have a much less pronounced effect on the thermal stability. The use of DSC techniques provides some additional information ( Figure 5 ). DSC thermograms show the presence of small transitions on the SILLPs at temperatures well below the decomposition temperature. Those transitions can be associated to the movement of noncrosslinked polymeric chains. As can be seen in Figure 5 , those transitions are very much affected by the nature of the counter anion. Thus, for instance, the exchange of Cl -by NTf 2 -involves a reduction in the corresponding Tg from about 110ºC (4, R 2 = C 4 H 9 , R 1 = CH 3 , X = Cl) to 50ºC (4, R 2 = C 4 H 9 , R 1 = CH 3 , X=NTf 2 ). This suggests that the presence of the more coordinating anion provides a strong ordering of the structure through polymeric anioncation interactions. It can be also seen that the presence of an acidic H atom at being able to participate in hydrogen bonding is accompanied by a small increase in this Tg. This is augmented in the case of the presence of the Cl -anion. This indicates that intermolecular hydrogen bonding can play a role in determining intermolecular anion-cation interactions. 
Assessment of polarity through solvatochromic probes
An important property of ILs is that significant changes in their polarity can be achieved through changes in their structure, either by modification of the imidazolium substituents or by modification of the counteranion. 17 In this regard polarity assessment through the use of solvatochromic probes is one of the most simple and accessible techniques for a rapid and semiquantitative analysis. In our case, we have selected two well known solvatochromic probes -pyrene 18 and Reichardt's probe 19 to analyze the properties of the SILLPs. Figure 6 includes some of the data obtained with the use of Reichardt's probe. As can be observed, values obtained for ET(N) in SILLPs are in good agreement with those reported for related bulk ILs (butyl imidazolium salts: BMIM). 20 In this case it is easy to observe that the introduction of larger aliphatic chains is accompanied by a decrease in polarity as described by the ET(N) parameter, although a clear pattern associated to the nature of the anion is not detected, according to a similar observation in solution. The effect of the anion is more visible, however, when pyrene is used as the fluorescent probe, using the I3/I1 ratio as a measure of polarity (see Figure 7) . 21 In this case the more coordinating anion (Cl -) is associated to a higher value of polarity (higher value of I3/I1), whereas the presence of the less coordinating NTf 2 -anion gives place to a lower value of I3/I1. Here, however, a clear pattern for the substitution of methyl by butyl in the cation is not detected. In any case the general values obtained are again in good agreement with the values obtained in solution for related solvents and materials and bulk ILs. 22 As clearly seen from the above data, as much as the former solvathochromic parameters are dependent on adsorption phenomena on a heterogeneous surface, the quantitative data obtained must be handled with caution 
Compatibility with polar solvents; swelling analysis
Gel-type polymers containing low levels of crosslinkers and prepared in the absence of porogenic agents are characterized by the absence of any permanent porosity in the dry state. Thus, the use of those polymers for applications requiring the accessibility of the functional sites on the polymeric backbone is always associated to the presence of a good solvent, compatible with the matrix, being able to expand the polymeric chains. 23 In general, PS-DVB polymers can be considered as hydrophobic materials, not being compatible with the use of polar solvents such as water or methanol. It can be expected that the introduction of imidazolium or other IL-like subunits will provide an important change in the polarity of the matrix, favouring the swelling of the polymer by polar solvents. In this regard, the swelling of a polymer with a polar solvent such as water (as determined through the change of the diameter from the dry to the swollen state) can be considered an indirect measurement of polarity. Although the corresponding values cannot be used for a quantitative assessment of polarity, they represent a very interesting parameter for practical applications as with the use of water (and other polar solvents). Figure 8 shows some data obtained for SILLPs prepared from a gel-type Merrifield resin with a high loading of functional groups (4.3 mmol Cl/g). This figure allows observing the expected trends associated to the changes in the structure of the IL-like fragment. Thus, when analysing the nature of the anion, it can be clearly seen that the presence of the Cl -anion results in more polar resins. On the other hand, the substitution of the methyl substituent (R = CH 3 ) by a more lipophilic one (R = C 4 H 9 ) produces an appreciable decrease of the polarity. 
Dielectric relaxation spectroscopy
The different crosslinked polystyrene resins containing ionic liquid fragments covalently attached (Supported Ionic Liquid-Like Phases: SILLPs) indicated above has been studied by means of dielectric impedance spectroscopy to obtain the conductivity. Impedance experiments were carried out on SILLPs samples at several temperatures lying in the range 298 K (25ºC) to 398 K (125ºC) and frequency window 10 -2 < f < 10 6 Hz. The measurements were performed with 100 mV amplitude, using a Novocontrol broadband dielectric spectrometer (Hundsangen, Germany) integrated by a SR 830 lock-in amplifier with an Alpha dielectric interface. The SILLP sample of interest was placed between two gold electrodes coupled to the impedance spectrometer. The area of the electrodes was 20 mm 2 . The temperature was controlled by a nitrogen jet (QUATRO from Novocontrol) with a temperature error of 0.1 K during every single sweep in frequency. 
Analysis from Bode and Nyquist diagrams
Under an alternating electric field, the response of dipoles associated with molecules or segments of chain molecules to the field as well as the ions movements depend on the physical state (glassy, liquid) of the system. The impedance response is usually measured with blocking electrode/polar system/blocking electrode configuration. Polarization processes arising from dipole motions in polar systems can empirically be represented by an equivalent circuit consisting of a resistance, R p , accounting for the polarization of the system in parallel with a capacitor of capacity C that describes the interfacial double layer capacitance system-blocking electrode. 24 The complex impedance of the circuit is given by
where R p C, which has the dimensions of time, is replaced for , called relaxation time. 25 The impedance of the circuit is given by
Where, Y 1 = Y 0 R p . Notice that for n = Y 1 = 1, eq. 3 corresponds to the complex impedance of a Debye system. For systems that combine polarization processes with a resistance independent on frequency or ohmic resistance, R o , the electrical equivalent circuit is a parallel R-CPE circuit in series with an assembly of N circuits in series. Each circuit is made up of a resistance R i that represent a polarization resistance in parallel with a constant phase element. The complex impedance of the circuit can be written as
www.intechopen.com At high temperatures, the isotherms are characterized by a plateau nearly independent on frequency, followed by a dispersive regime. Moreover, whereas the plateau for the KN10 isotherms coexists with  = 0 in a wide range of temperatures, this only occurs for the KN8 system at high temperatures. For low temperatures the values of  at the frequencies studied are higher than zero, indicating that in these cases the ohmic resistance should be www.intechopen.com slightly higher than the maximum value of *() at the apparent plateau for the conductivity  *(). Then obtaining the whole Bode diagram would surely require measuring the impedance at frequencies significantly lower than those used in this study. Similar results we can found from the study of Z" vs. Z' plot, called Nyquist diagram 27 such is observed in Figure 11 for KN10 at all temperatures. This Figure The conductivity patterns showed in Bode diagrams of Figures 9 and 10 shown a similar ac conductivity patterns with a frequency independent plateau in the low frequency region and exhibits dispersion at higher frequencies 28 . The effect of electrode polarization is evidenced small deviation from the modulus of the conductivity (plateau region) value in the conductivity spectrum. For the SILLPs studied, the geometric capacitors obtained from eq. (6) is independent on temperature. The values of these capacitors are 1.48, 1.67, 1.07, 1.55, 2.30, and 2.56 pF for KN5, KN6, KN7, KN8, KN9 and KN10, respectively. The ionic conductivity thus estimated for KN5 and KN6 are 4.0 10 -11 S/cm, at 358K (85ºC), to ca. 1.1 10 -9 S/cm at 398K (125ºC) for KN5, and 3.3 10 -9 S/cm to 1.4 10 -7 S/cm for KN6 at the same temperatures. The conductivities of KN7 and KN9 are rather low increasing in the former material from 4.9  10 -12 S/cm, at 328 K (55º C), to ca. 1.4  10 -9 S/cm, at 398 K (125º C), S/cm, whereas in the SILLP KN9 the increase is from 8.5  10 -10 to 5.3  10 -7 S/cm, in the same range of temperature. Whereas the comparison of the ionic conductivity between KN8 and KN10 is estimated to change from 1.1  10 -11 S/cm, at 328 K (55º C), to ca. 2.1  10 -9
www.intechopen.com S/cm, at 398 K (125º C), S/cm for KN8, while for the material KN10 the increase is from 7.9  10 -10 at 303 K (35ºC) to 2.3  10 -7 S/cm at 398 K (125º C). As shown in Figure 13 , the temperature dependence of the conductivity is also a thermally activated process described by the Arrhenius equation. The ionic conductivity of KN6, KN9 and KN10 is nearly two orders of magnitude higher than that of KN5, KN7 and KN8, respectively, whatever temperature as a basis of comparison is taken. In principle, one could think that ionic transport in the materials is carried out by the mobile anions. In this case, the results suggest that the mobility of NTf 2 -is higher than that of Cl -, a result opposite to what one at first sight would expect if the anions volume were determinant in the conductive process. However, strong coulombic forces between cations and anions in absence of humidity, makes this transport mechanism unlikely. Moreover, charge transport by anions would be dependent on frequency. Therefore, to explain the conductivity of these materials it is necessary to postulate charge delocalization between cations and anions as mainly responsible for the conductivity independent of frequency that KN5, KN6, KN7, KN8, KN9 and KN10 exhibit. Owing to the high electronegativity of the chloride anion, charge delocalization is obviously easier for NTf 2 -than for Cl -and hence the higher conductivity of KN6, KN9 and KN10. Similar behavior and results have been found for other supported ionic liquid-like phases prepared by anchoring imidazolium moieties onto highly crosslinked poly(p-chloromethylstyrenecodivinylbenzene) monolithic matrices such as polymers KN7 and KN10. 29 It is noteworthy that a similar effect is observed for both couples KN5/KN6, KN7/KN9 and KN8/KN10, the second one having a methyl substituent at the C2 position of the imidazolium ring. The change in the nature of the anion can be responsible for changing the conductivity observed by several orders of magnitude. On the contrary, changes on the structure of the cation are accompanied by observable modifications in conductivity, but always within the same order of magnitude. This suggests, for instance, that the interaction C2-H←X -is not the main factor for determining the conductivity of the SILLPs considered for the SILLPs here considered. Nevertheless, for T > Tg, an increase in temperature increases the mobility of the chains, facilitating charge delocalization between neighboring cations and anions.
Analysis from dielectric complex permittivity
The current intensity across a capacitor produced by the alternating voltage
where  is the frequency of the field, where q is the positive charge at the electrodes, C 0 is the capacity of the capacitor in vacuum and * is the relative complex dielectric permittivity of the material that acts as dielectric of the capacitor. Since the ratio i/V is a complex admittance or the reciprocal of the complex impedance, the complex permittivity of a material placed as dielectric between parallel arm plats is 0 *( ) /( *) lj e S Z    where e 0 is the dielectric permittivity in vacuum whereas S and l are, respectively, the area and the thickness of the dielectric placed between the electrodes. Illustrative experimental isotherms showing the components of the complex dielectric permittivity in the frequency domain for KN6 and KN10 are presented at several temperatures in Figures 14 and 15 , respectively. For temperatures lower than 328 K (55 ºC) for KN6 and 348 K (75ºC) for KN10, ' is only slightly dependent on frequency in the range 0.01  f  10 6 Hz. Identical behavior has been observed for the comparison between the others SILLPs. At higher temperatures, ' undergoes a significant increase as frequency decreases, the increase being higher with temperature. This augment of ' is the result of the enhancement on the mobility of the chains occurring when the systems surpass the glass transition temperature. However, the plateau exhibited by the real component of * at low www.intechopen.com As for the dielectric loss, the isotherms present a dielectric dispersion in the high frequency region of the spectra, only detectable in the isotherms obtained at high temperature. At moderate and low frequencies '' is nearly a linear increasing function of the reciprocal of the frequency and as a result dielectric dispersions associated with the dielectric loss are obscured by the conductivity. The permittivity loss shows a straight line at low frequencies with a slope close to -1 at high temperatures. In these polymers the presence of secondary relaxation of in the range of high frequencies can be observed. This relaxation of very low intensity presumably is due to the fact tha, the conductive processes present in the SILLPs are very important. The relaxation strength of these polymers was very low, minor than 0.10 for all SILLPs for the range of temperatures between 95K and 125K in all cases. To characterize the dipolar absorption at high temperatures, " () d   , the following equation (7) was used: 31-33
where  and  0 are the specific conductivity and the dielectric permittivity in vacuum (=8.854 pFm -1 ), respectively, and s1 is an exponent whose departure from the unit is caused by the interfacial electrode-sample process intervening in the -relaxation. In our study, the value of s is compress between 0.80 and 0.99 depending on the temperature for all the SILLPs studied. The values of the conductivity obtained from the curves of permittivity loss by mean of equation (6) .7) and (30.30.4) kcal/mol, for KN5, KN6, KN7, KN8, KN9 and KN10 respectively. The main purpose of this chapter is not to characterize the dipolar relaxations that this SILLPs can have at high frequencies. We are essentially focused on the study of the conductivity of the SILLPs. Nevertheless, a few comments should be made before discussing the dielectric relaxation behaviour of the SILLPS. The high crosslinking degree of the supporting material, as well as the strong intermolecular interactions between the ionic groups should enhance the glass transition temperature of the SILLPS in such a way that, in principle, the magnitude of this parameter should be higher than 373 K, the Tg of polystyrene. Then the ostensible glass-rubber relaxation that uncrosslinked polar polymers present, should be absent in the dielectric relaxation spectra of the SILLPs. However, the abrupt changes occurring in ' at temperatures slightly above 348 K for KN5, KN7 and KN8, and above of 328 K for KN6, KN9 and KN10, are the result of the glass-rubber relaxation taking place in the vicinity of these temperatures. The glass rubber relaxation in these apparently highly crosslinked systems may arise from the morphology of the crosslinked SILLPs. Owing to the high chemical reactivity of divinyl benzene, which is nearly four times that of styrene, 34 a gel with a nucleus of moderately crosslinked poly(dvinyl benzene) chains containing occasional chloromethyl styrene units may be firstly formed. As the crosslinking reaction proceeds, the Tg of the gel increases approaching to the reaction temperature, and the overall polymerization rate diminishes because the diffusivity of the reacting monomers to the growing radicals decreases. The remnant p-chloromethylstyrene may graft to the unreacted double bonds of divinyl benzene, forming dangling chains, responsible for the glass transition displayed by these systems at relatively low temperature.
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Analysis of the conductivity from electric modulus formalism
When discussing the results presented in Figures 14 and 15 , we have noted that the dielectric permittivity " strongly increases with temperature in the low frequency region, which we attributed to a conduction process. In order to explore this phenomenon in detail, the electric modulus formalism M* has been widely used. [35] [36] Despite some doubts cast on the applicability of the method for this task, 37,38 a combined study of ionic motion using electrical relaxation and RMN relaxations suggests that the complex modulus is the most appropriate representation of dielectric data for analysis of ionic conductivity relaxation as in the present case. The points made by Elliot 37 and Roling 38 as well by others authors to discredit the dielectric modulus representation have been refuted and are summarily discussed in a review article, where the authors have answered all the unnecessary criticism on the use of the electric modulus. 39 The representation of the macroscopic data to describe the microscopic motion of the movement of the ions has been also well described, as in the present case, by Ngai et al. 40 The electric modulus is the reciprocal of the permittivity M*=1/*. Generally, for a pure conduction process, a relaxation peak would be observed in the frequency spectra of the imaginary component M" and no peak would take place in the corresponding plot of ", such is our case in all the SILLPs. Isotherms at several temperatures showing the double logarithmic plots of the real and imaginary components of the complex dielectric modulus of KN6, are shown in the frequency domain in Figure 16 . As occurs with the modulus of relaxation processes, M' increases as the frequency increases until a frequency is reached at which M' remains nearly constant. Moreover M'' displays at low frequencies the characteristic absorption of conductive processes and a M" peak in the plots M" vs. frequency is observed in relation to conductivity relaxation of the SILLPs. In addition to the conduction peak, it can be seen in some cases at high temperatures a second peak which shift to higher frequency with a very small absorption. 29 These peaks indicate the transition from short range to long range mobility with decreasing frequency, where the low frequency side of the peak represents moving long distances, i.e., performing successful hopping from one site to the neighboring site, whereas, for the high frequency side, the ions are spatially confined to their potential wells and can execute only localized motion. 41, 42 The relaxation of the dielectric modulus can be mathematically represented equivalently as a function of time or of frequency. This approach developed for a single relaxation time for dielectric relaxations by Debye has been extended by Havriliak and Negami to a distribution of relaxation times. 43 The frequency representation for the complex modulus as found by the empirical Havriliak-Negami model function as 44
where M  and M 0 are the unrelaxed and relaxed moduli,  is the excitation frequency and  HN is the average relaxation time. The parameter  (0 <  < 1) broadens the width of the relaxation as it decreases in value; the parameter  (0 <  < 1) causes a skewing or asymmetry in the modulus in both real and imaginary parts as a function of frequency. In table 2 are given the parameters of the fitting the loss peak observed in Figure 16 , for M"(w) spectra by mean of the HN equation for the KN6. In the same table, we also give the results obtained for the other SILLPs. The skewed form of the curves proceeds from ion-ion interactions and the high values of the  HN parameter suggest the absence of those interactions because of the combined effect of the relatively low concentration of ionic species in those materials and the rigidity of the polymeric matrix that hinders ion-ion interactions. Actually, a second parameter that is in good agreement with this reasoning can be obtained from the full width at half maximum of the M" peak in Figure 16 . The value of this parameter for KN5, KN6, KN7, KN8, KN9 and KN10 is 1.4, 1.3, 1.3, 1.4, 1.2 and 1.2, respectively, and it is higher than the one corresponding to a single Debye peak (1.144) This suggest that the conductive peak includes not only pure ionic contributions but also electrodes polarization effects. It has been proven before that ion-ion interaction contributes to the width of the loss peak. 45 The f max is the frequency at which M"(f) reach the maximum value and  max =1/2f max , where the ratio between  max and  HN is defined by the equation 46 In Figure 17 we have plotted the dependence of f max =1/2 max (characteristic relaxation times of the modulus) obtained for KN5, KN6, KN7, KN8, KN9 and KN10 in the form of a Arrhenius plot. The variation of the dielectric loss modulus with temperature in the low frequency region obeys the Arrhenius behavior with activation energies of (22.80.7), (27.80.6), (20,40,4) , (18,90,7) , (25,10,5) , and (28,50,5), kcal/mol for KN5, KN6, KN7, KN8, KN9 and KN10, respectively. A comparison between this values and the obtained from the conductivity calculated from the loss permittivity and from Bode diagram are in complete agreement, and on the other hand, these values are nearly similar to those obtained before in the analysis of the ionic conductivity by impedance spectroscopy indicating that ionic transport in the SILLPs is the origin of them. In the imaginary part of the modulus spectra a relaxation peak is observed for all the SILLPs for the conductivity processes of different intensity. The intensity of the modulus relaxation peak is 0.18, 0.19, 0.16, 0.23, 0.22 and 0.15, for KN5, KN6, KN7, KN8, KN9 and KN10, respectively; whereas no peak is observed in the dielectric spectra. Similar results have been reported by Fu et al. 47 for PPG-LiCF 3 SO 3 s y s t e m w i t h h i g h e r s a l t c o n c e n t r a t i o n . S o t h e c o n d u c t i o n i n p o l y m e r electrolytes takes place through charge migration of ions between coordinated sites of the polymer along with its segmental relaxation. For many ionically conducting materials, the M''(f ) curves exhibit skewed shapes and, as a result, the complex dielectric modulus can be expressed in terms of the Laplace transform of the decay Kohlrausch-Williams-Watts (KWW) relaxation function. 48, 49 The fit of the loss peak given at low frequencies for M"(w) spectra to the Fourier transform of the KohlrauschWilliams-Watts (KWW) function 50 the values obtained for  KWW of the samples KN5 and KN6 are respectively, 29  KWW = 0.77 and 0.78 at 398 K. The skewed form of the curves proceeds from ion-ion interactions and the high values of  KWW parameter suggests absence of these interactions as consequence of the combined effect of the relatively low concentration of ionic species in these materials and the rigidity of the polymeric matrix that hinder ion-ion interactions. Also the crosslinks will inhomogeneously broaden the peak and to make it symmetrical. Actually another fact that can justify this can be taken from the full width at half maximum of the M" peak in Figure 18 for KN5 and KN6 it is about 1.5 decade at 338K (65ºC), 368K (95ºC) and 398K (125ºC), respectively. The lack of ion-ion interactions is also made evident in the fact that the conductivity of SILLPs are a thermally activated process, whereas in the case of supercooled ionic liquids with high ion-ion interactions the variation of the conductivity are governed by the volume. 52 At high frequencies, the secondary absorptions arising from local motions of moieties involving the imidazolium group which presumably arise from rotations about the C ar -CH 2 -N bonds of the ILs moieties, are affected by the nature of the counterion. 
Conclusions
From the beginning, the study of bulk ILs has been associated with the development of new families of electrolytes. The reported needs for the preparation of new and efficient solid electrolytes was, on the other hand, at the origin of the preparation of polymeric species containing IL-like species. Up to now there has been a logical association between the preparation of linear polymeric SILLPs and their application as solid electrolytes. The high level of mobility that can be associated to those ionic materials, very often presenting low Tg values, makes reasonable this assumption. Nevertheless, the present results clearly highlight that SILLPs based on crosslinked polymeric matrices can also be of great interest in this field. The data obtained by different techniques reveal that preparation of polystyrenedivinylbenzene polymers containing imidazolium subunits is associated with the formation of polymeric surfaces to which most of the physico-chemical properties of the related bulk IL have been transferred. The modification of structural parameters in the cation, the methatesis of the anion or the variations in the loading of IL-like subunits are parameters that allow a simple modulation of the properties of the resulting SILLPs. Dielectric relaxation measurements have revealed the presence of an appreciable conductivity on those polymeric systems. A thorough theoretical analysis is possible from those experiments, being possible a complete characterization of those SILLPs as solid electrolytes. The analysis of the variation of the corresponding data with the structural modifications provides the potential for modeling the macroscopic structure for those functional polymeric surfaces, providing key information for many different applications considered for those materials. The proper understanding of the behavior of those crosslinked polymers as solid electrolytes opens the way for the design and preparation of new materials for electrical and electronic applications, in particular taking into consideration the porous morphology and the high level of structural variations available.
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